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Enhanced antitumor effects of a dendritic cell vaccine
transfected with gastric cancer cell total RNA
carrying the 4-1BBL gene in vitro
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Abstract. T cell-mediated antitumor immunity is a cellular
immune response that requires two signals. The dendritic cell
(DC)has been considered as the most efficient antigen-presenting
cell (APC). It plays essential roles in the induction, regula-
tion and maintenance of antitumor immunity in humans. The
4-1BB/4-1BB ligand (4-1BBL) pathway plays crucial roles in
immune response, tumor immunity and autoimmune diseases
through transduction of T cell co-stimulatory signals. The aim
of this study was to generate the preparation protocol for a DC
vaccine transfected with gastric cancer cell total ribonucleic acid
(RNA) carrying the 4-1 BBL gene in vitro and to investigate its
antitumor effects in murine forestomach carcinoma (MFC). The
vaccine was prepared by transfecting MFC total RNAs carrying
the 4-1BBL gene into the DCs that were isolated from 615 mouse
bones. The T cell proliferation rate in the MFC/4-1BBL/DC
group was higher than that in the DC group. The tumor cell
kill rate in the MFC/4-1BBL/DC group was higher than that
in the DC group. ELISA analysis showed that IL-12 and IFN-y
in the MFC/4-1BBL/DC group were more highly expressed
compared to the other group. Collectively, our data demonstrate
that the DC vaccine transfected with gastric cancer cell total
RNA carrying the 4-1BBL gene has a stronger ability to kill
gastric cancer cells through promoting T cell proliferation
and enhancing the ability of cytotoxic T lymphocytes (CTLs)
to kill gastric carcinoma cells and to secrete IL-12 and IFN-y.
Our results provide an effective therapeutic strategy for treating
gastric cancer using a DC vaccine.

Introduction
Antitumor immunity mainly involves T cell-mediated cytoim-

munity. T cell activation requires two signals. The first signal
is specific. The second signal is non-specific and is provided by
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co-stimulatory molecules on the antigen presenting cell (APC)
and corresponding ligands on the T cell. The absence of the
second signal may lead to T cell anergy (1). The dendritic cells
(DCs), as highly efficient and specialized APCs, are particu-
larly crucial for the T cell-mediated immune response. The
4-1BB/4-1BBL receptor/ligand pair in the immune system is
another significant co-stimulatory signal other than CD28/B7,
which plays an important role in immune response and tumor
immunity, and also plays a part in cell adhesion, antigen
presentation, T cell co-stimulation and signal transduction (2).
In our study, we prepared a DC vaccine transfected with
co-stimulatory molecule 4-1BBL transgenic murine gastric
cancer cell total ribonucleic acid (RNA), in which the double
signals may enhance the antitumor activity.

Materials and methods

Materials and reagents. A total of 615 mice (6-8 weeks old)
were purchased from the laboratory animal center of the
Chinese Academy of Medical Science (Tianjin, China). Mice
were maintained in a specific-pathogen-free environment.
All animal studies were approved by the ethics committee
of the authors' institutional ethics committee. The murine
forestomach carcinoma (MFC) cell strain was purchased from
the Chinese Academy of Medical Science (Shanghai, China).
The pMKITneo/4-1BBL plasmid was kindly provided by
Professor Hideo Yagita. Lipofectamine 2000 was purchased
from Invitrogen Corp. (Carlsbad, CA, USA). IL-12 and IFN-y
ELISA kits were purchased from NeoBioscience Technology
Company (Beijing, China).

MFC culture and 4-1BBL gene transfection. The DH5a
bacterial strain containing the pMKITneo/4-1BBL plasmid
was incubated in Lysogeny broth (LB). The plasmid DNA was
extracted using a Wizard plus SV minipreps DNA purification
system (Promega, Shanghai, China) and was digested by the
restriction endonucleases Xhol and Notl, and then the iden-
tity of the plasmid was verified by electrophoresis on a 0.7%
agarose gel.

MEFC cell lines were cultured in RPMI-1640 supplemented
with 10% fetal calf serum (FCS) in a humidified atmosphere
containing 5% CO, at 37°C.

The MFC cell line was transfected with the plasmid
pMKITneo/4-1BBL using Lipofectamine 2000, and cultured in
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medium containing 0.4 g/l G418 to screen 4-1BBL-expressing
stable cell lines, MFC/4-1BBL.

RNA preparation and semi-quantitative reverse transcription
polymerase chain reaction (RT-PCR). Total mRNAs of the
MEFC and MFC/4-1BBL cell lines were purified using TRIzol
(Invitrogen) according to the manufacturer's instructions. The
clear 28S and 18S ribosomal RNA bands indicated a good
quality of RNA. The total mRNA was subsequently amplified
by RT-PCR. The PCR protocol included an initial denaturation
step at 95°C for 5 min, followed by 35 cycles with denaturation
at 94°C for 45 sec, annealing at 56°C for 30 sec and extension at
72°C for 45 sec. The primer used were as follows: forward,
5"TCACTCGAGATGGACCAGCACACACTTGATG-3'"; and
reverse, 5-GGCTGTTGGGTACCCTTACTCGCCGGCG
AAT-3". The length of the amplified product was 616 bp. $-actin
was used as the internal control. The identity of the PCR
products was verified by electrophoresis on a 1.5% agarose gel.

Generation of myeloid DCs. Myeloid DCs were isolated from
the bone marrow of 615 mice as previously described (21).
Briefly, the 615 mice were sacrificed and immersed in 75%
ethanol for 2 min. The femur and tibia were removed by aseptic
surgery. The bones were then crushed and washed repeatedly
with RPMI-1640 to remove bone marrow. The RPMI-1640 was
centrifuged at 1,000 rpm for 5 min. Erythrocyte lysis buffer
was added into the supernatant to remove red blood cells. The
isolated myeloid DC cells were cultured in 6-well plates and
maintained in the RPMI-1640 supplemented with 10% FCS,
10 ng/ml GM-CSF and 10 ng/ml IL-4. The morphology of
the cultured DCs, including shape and cell size, was carefully
observed and verified by an inverted microscope on days 1, 3,
5 and 7 of isolation.

RNA transfection of DCs. The mouse DCs were cultured for
5 days. Then, 2 h prior to transfection, DCs were washed with
RPMI-1640 serum-free medium 3 times and the cell density
was adjusted to 1x10° cells/ml using RPMI-1640. For each
transfection sample, the complex was prepared as follows:
10 g MFC/4-1BBL RNA were diluted in 500 ul serum-free
RPMI-1640, and 10 ul Lipofectamine 2000 were diluted in
500 pl serum-free RPMI-1640. The complex was incubated for
5 min at room temperature. The diluted RNA was combined
with diluted Lipofectamine 2000, mixed gently and incubated
at 37°C in a 5% CO, incubator for 30 min. The complex was
added to the DC plates at 37°C in a 5% CO, incubator. The
medium was changed after 4 h, and the incubation of the DCs
was continued.

ELISA assays were performed to measure IL-12 levels in
the supernatant of immature DCs, DCs and MFC/4-1BBL/DCs.

The mRNAs of MFC/4-1BBL/DCs and DCs were purified
using TRIzol, followed by amplification using RT-PCR. All
products were analyzed by electrophoresis on 1.5% agarose gels.

Isolation and culture of mouse lymphocytes. The 615 mice
were sacrificed. The spleen was removed on a 200-mesh steril-
ized copper net, and ground repeatedly. After washing with
phosphate-buffered saline (PBS), single spleen cell suspension
was collected and centrifuged. The pellet was mixed with
PBS and mouse hydroxypropylmethyl cellulose at a 1:1 ratio,
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followed by centrifugation at 1,500 rpm for 15 min. After
washing 3 times with PBS, the isolated lymphocytes were
cultured in the RPMI-1640 supplemented with 10% FCS.

MTT lymphocyte proliferation. Mixed lymphocyte reactions
were performed using mature DCs or MFC/4-1BBL/DCs
as stimulator cells, and T lymphocytes as responder cells.
Stimulator cells were incubated with 25 pg/ml mitomycin C
(MMC) at 37°C for 30 min and cell density was adjusted to
4x10*/ml, 2x10*/ml or 1x10*/ml. Three repeats of each cell
density were plated in 96-well plates.

The allogeneic lymphocytes at a density of 2x10°/ml were
used as responder cells. The lymphocytes were added into the
stimulator cells. The responder cells or stimulator cells alone
were used as the control. A total of 4 h prior to detection, MTT
was added into the cells and incubated for 4 h in the dark,
followed by addition of DMSO. The optical density (OD) at
570 nm was measured using the ELISA machine.

T cell proliferation rate = [experimental OD - (responder
cell OD + stimulator cell OD)]/responder cell OD x 100%.

MTT tumor killing activity of DC-activated cytotoxic
T lymphocytes (CTLs). A tumor killing activity assay
was performed using T cells together with mature DCs or
MFC/4-1BBL/DCs as effector cells, and MFC cells as target
cells. DCs or MFC/4-1BBL/DCs (2x10°/ml) were cultured in
12-well plates together with allogeneic lymphocytes (2x10°/ml)
in the RPMI-1640 containing 10 ng/ml IL-2 on day 1, 3 and
5 of culture. The stimulator to responder cells at the ratio of
1:20, 1:10 or 1:5 were mixed and added in 96-well plates. Three
repeats of each cell density were performed. The stimulator
cells or responder cells alone were used as the control. A total of
4 h prior to detection, MTT was added to the cells and incubated
for 4 h in the dark, followed by addition of DMSO. The OD at
570 nm was measured by the ELISA machine.

Kill rate = [experimental OD - (effector cells OD + target
cells OD)]/effector cells OD x 100%.

The IFN-y levels in the supernatant of the DCs or
MFC/4-1BBL/DCs were measured using the ELISA kit.

Statistical analysis. All statistical calculations were carried
out using SPSS 13.0. T-tests and ANOVA were used to
compare the different groups. All values are indicated as the
means =+ standard errors. P<0.05 was considered to indicate a
statistically significant difference.

Results

Verification of the pMKITneo/4-1BBL plasmid. The purified
pMKITneo/4-1BBL plasmid was digested by Xhol and Norl.
A 927 bp DNA fragment of the inserted 4-1BBL coding
sequence was released from the 5.8kb vector plasmid (Fig. 1).
Our results indicate that the pMKITneo/4-1BBL plasmid was
successfully purified.

Observation of DC morphology. The morphology of DCs was
measured using an inverted microscope. On day 1, the majority
of DCs were round or oval-shaped with a small size, and were
attached well to the plate. On day 3, the cell number was
significantly increased with an enlarged cell size, and some
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Table I. The comparison of T cell proliferation in the different
DC groups (n=3, x+s).
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Table II. The activation of cytotoxic T lymphocyte (CTL)
killing rate of tumor in the different DC groups (n=3, x+s).

Stimulation to responding ratio (%)

1:20 1:10 1:5
Group
DC 0.060+0.014 0.148+0.017 0.195+0.015
MFC/4-1BBL/DC 0.093+0.012 0.187+0.013 0.240+0.021
P-value 0.040 0.035 0.039

DC, dendritic cell; MFC, murine forestomach carcinoma; 4-IBBL,
4-1BB ligand.

N1 N2 N3 N4 N5 N6

Figure 1. Verification of the pMKITneo/4-1BBL plasmid using the restriction
endonuclease digestion. The release of a 927 bp 4-1BBL DNA fragment and a
5.8 kb vector of the pMKITneo/4-1BBL plasmid by Xhol and Notl are shown.
M, marker; N1-N6, pMKITneo/4-1BBL plasmid.

cells had grown as clustered colonies. On day 5, the number
of cells was further increased and the cells were a similar size
to that on day 3. Some cells showed burr-like protuberance,
and the cell colonies were markedly increased. On day 7, the
majority of the cells were detached from the plate with the
nucleus deviated. A large number of burr-like protrusions
were observed in characteristic irregular cells. Some cells
contained round, star and dendritic-like protrusions. Notably,
12 h post-transfection, the morphology of cells returned to the
state prior to transfection. Cells transfected with MFC total
RNA carrying the 4-1BBL gene were round, and showed
slightly reduced size, fewer surface protrusions and increased
cell particles (Fig. 2).

MTT lymphocyte proliferation pre- and post-transfection.
The ratio of stimulator cells to responder cells was 1:20, 1:10
or 1:5. The effects of the MFC/4-1BBL/DC group on T cell
proliferation (0.093+0.012, 0.187+0.013, 0.187+0.013) were
significantly higher than that of the DC group (0.060+0.014,
0.148+0.017, 0.195+0.015) (P<0.05). We also noted that the

Target/effector cell ratio (%)

1:20 1:10 1:5
Group
DC+T cell 0.342+0.023 0.267+0.0243 0.147+0.031
MFC/4-1BBL/ 0.533+0.092 0.321£0.018 0.218+0.025
DC+T cell
P-value 0.025 0.036 0.037

DC, dendritic cell; MFC, murine forestomach carcinoma; 4-IBBL,
4-1BB ligand.

higher stimulator cell to responder cell ratio appeared to show
stronger T cell proliferation (Table I).

MTT tumor killing activity of DC-activated CTLs pre- and
post-transfection. The ratio of target to effector cells was
1:20, 1:10 or 1:5. The effects of the MFC/4-1BBL/DC group
tumor cell kill rate (0.533+0.092, 0.321+0.018, 0.218+0.025)
were higher than that of the DC group (0.342+0.023,
0.267+0.0243, 0.147+0.031) (P<0.05). Consistent with the
proliferation results, higher target cell to effector cell ratio
showed a stronger tumor cell killing rate (Table II).

The secretion of IL-12 and IFN-y. We measured IL-12 and
IFN-y secretion in the culture medium of different groups using
ELISA analysis. We found that the IL-12 levels for the DC/
MEFC/4-1BBL group were 20.240+2.494 pg/ml, 17.088+3.933 pg/
ml for the DC group, and 10.288+2.390 pg/ml for the immature
DC group (P<0.05). The IFN-v levels were 9.451+2.925 pg/ml
for the DC/MFC/4-1BBL group and 5.979+1.639 pg/ml for the
DC group (P<0.05).

Discussion

Gastric cancer is one of the most common malignant tumors.
Tumor immune escape and tolerance are major problems in
the treatment of the disease. Gene therapy provides a novel
clinic strategy to enhance the immune function of tumor
immunity. Upon activation by sensitized DCs, auxiliary
T lymphocytes and CTLs are capable of killing tumors, which
is the theoretical basis of tumor vaccines (2-4). There are a
number of reports on DC vaccines in the treatment of mela-
noma, ovarian, colon (5), breast (6) and gastric cancer (7).
Although some of them have been used in clinical antitumor
treatment and have shown certain curative effects, we should
have a better understanding of the patients, including human
leukocyte antigen (HLA) phenotype and antigenic peptide
epitopes. Recently, investigators have focused on DC vaccines
loaded with total RNA with full tumor messages, and the
advantages of this method are: no advance knowledge of the
patient's HLA phenotype is required; total RNA contains
multiple antigens and multiple epitopes of certain proteins
that may be presented by different HLA types, therefore
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Figure 2. The morphology of DC and DC/4-1BBL in vitro. (a) On day 1, the majority of DCs were round, oval-shaped with a small size. (b) On day 5, the
number of cells was further increased and some cells showed burr-like protuberance. (c) On day 7, the majority of the cells was detached from the plate with
the nucleus deviated. Some cells contained round, star and dendritic-like protrusions. (d) Cells transfected with MFC total RNA carrying the 4-1BBL gene had
around, slightly reduced size, fewer surface protrusions and increased cell particles. DC, dendritic cell; MFC, murine forestomach carcinoma.

including a variety of tumor antigen encoded information;
genetic material is easily available but not integrated into the
host chromosome, so more secure; little damage to the DC is
conductive to maintaining the activity and presenting func-
tion of the cell; RNA may be isolated from a small amount
of tumor tissue and may be amplified to provide an adequate
amount of material; comprehensive immune responses are
induced to prevent antigenic variation and immune escape due
to antigenic variation (8-10).

The 4-1BB/4-1BBL receptor/ligand pair is another crucial
co-stimulatory signal besides CD28/B7 in immune response
and tumor immunity. It activates resting T cells separately
or in coordination with CD28. It plays a significant role to
maintain the existence and memory response of T lympho-
cytes (11). The secondary response of CD8* T cells is highly
dependent on 4-1BBL, which is also the case for some,
though not all, secondary CD4* T cell responses. Localized
expression of immunostimulatory ligands using gene transfer
approaches may reduce the risk of excessive, generalized
immune activation observed in some clinical trials of systemi-
cally delivered antibodies (12,13). Our investigation on DCs
transfected with total RNA from murine gastric carcinoma
cells with 4-1BBL gene in vitro, reduces the possibility of
immune escape. It is a safe and easy method and has a potential
clinical application (9,12).

Studies using knockout mice have found that the secondary
response of CD8* T cells was highly dependent upon 4-1BBL.
Though not all CD4* T cells in the secondary response
depended on the 4-1BBL, lasting tumor-specific CD4* T cells
may effectively lead to the response of CTL effector cells (14).
4-1BBL is an important co-stimulatory molecule in the

T cell immune response, which is capable of promoting the
amplification of tumor-specific T cells (14,15). The mature
DCs transfected with 4-1BBL are capable of secreting large
amounts of IL-12. It is known that IL-12 is one of the most
important factors to promote helper T cell conversion to Thl
subsets and it is also a CTL differentiation factor (16,17). The
production of IL-12 is a critical step in the CTL activation
process. It promotes CTL proliferation and generation of the
protein perforin, induces the secretion of IFN-y and mediates
the Thl response. The 4-1BBL ligand also co-stimulates T
cells and results in the secretion of IFN-y with CD28 (11),
which is capable of promoting T cell differentiation to the
Thl type cells and preventing cytokine secretion in the
Th2 cell (16).

Patients with malignant tumors can produce DCs with
low expression of MHCI molecules, low secretion of IL-12
and reduced ability to uptake antigen and to stimulate T cells.
Our results suggest that the effect on T cell proliferation in
MFC/4-1BBL/DC groups was stronger than that in the DC
group, and with the increased ratio of stimulator cells to
responder cells, the T cell proliferation was enhanced, and the
levels of IL-12 in the MFC/4-1BBL/DC group were signifi-
cantly higher. Moreover, the tumor killing ability by CTLs
activated with transfected DCs (MFC/4-1BBL/DC group) was
stronger, and the levels of IFN-y of in the MFC/4-1BBL/DC
groups were significantly higher than in other groups.
4-1BBL-transfected DCs may provide dual signals; therefore,
their ability to promote T cell proliferation is significantly
enhanced compared with non-transfected DCs, and that is
induced to secrete IFN-vy, which directly activates CD8" T cells
and further enhances the specific tumor cell killing effect.
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The results of our study are consistent with ones from
previous studies (18,19). Therefore, the success of therapeutic
vaccines will require formulations that are effective in:
i) generating new immune responses, ii) boosting the existing
immune responses, and iii) overcoming immune evasion
mechanisms (20-22).

In conclusion, the results from our study suggest that the
transfected DC vaccine enhances T lymphocyte proliferation
and induces CTL cells to kill gastric cancer and promote the
secretion of more IL-12 and IFN-y. The results reported here
provide the experimental basis for the clinical treatment of
gastric cancer.
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